In this study, novel wood combustion aging experiments performed at different temperatures 15 (263 K and 288 K) in a ~7 m 3 smog chamber were modelled using a hybrid volatility basis set 16 (VBS) box model, representing the emission partitioning and their oxidation against OH. We 17 combine aerosol-chemistry box model simulations with unprecedented measurements of non-18 traditional volatile organic compounds (NTVOCs) from a high-resolution proton transfer 19 reaction mass spectrometer (PTR-MS) and with organic aerosol measurements from an 20 aerosol mass spectrometer (AMS). In so-doing, we are able to observationally-constrain the 21 amounts of different NTVOCs aerosol precursors (in the model) relative to low-volatility and 22 semi-volatile primary organic material (OM sv ) which is partitioned based on current published 23 volatility distribution data. By comparing the NTVOCs/OM sv ratios at different temperatures, 24
semi-volatile primary organic material (OM sv ) which is partitioned based on current published 23 volatility distribution data. By comparing the NTVOCs/OM sv ratios at different temperatures, 24
we determine the enthalpies of vaporization of primary biomass burning organic aerosols. 25
Further, the developed model allows for evaluating the evolution of oxidation products of the 26 semi-volatile and volatile precursors with aging. More than 30'000 box model simulations 27 were performed to retrieve the combination of parameters that fit best the observed organic 28 aerosol mass and O:C ratios. The parameters investigated include the NTVOC reaction rates 29 and yields as well as enthalpies of vaporization and the O:C of secondary organic aerosol 30 surrogates. Our results suggest an average ratio of NTVOCs to the sum of non-volatile and 31 semi-volatile organic compounds of ~4.75. The mass yields of these compounds determined 32 for a wide range of atmospherically relevant temperatures and organic aerosol (OA) 33 concentrations were predicted to vary between 8 and 30 % after 5 hours of continuous aging. 34
Based on the reaction scheme used, reaction rates of the NTVOC mixture range from 3.0 x 35 10 -11 cm 3 molec -1 s -1 to 4.0 x 10 -11 cm 3 molec -1 s -1 . The average enthalpy of vaporization of 36 SOA surrogates was determined to be between 55'000 J mol -1 and 35'000 J mol -1 which 37 implies a yield increase of 0.03 -0.06 % K -1 with decreasing temperature. The improved VBS 38 scheme is suitable for implementation into chemical transport models to predict the burden 39 and oxidation state of primary and secondary biomass burning aerosols. 40
Introduction 41
The fact that some semi-volatile compounds can exist in either gaseous or particulate form 42 results in considerable uncertainties in the emission inventories for primary organic aerosol 43 (POA). Emissions of PM 2.5 are generally based on emission factors (EF) of primary organic 44 aerosol (POA) which may be over-or under-predicted depending on the measurement method 45 used (Lipsky and Robinson, 2006; Nussbaumer et al., 2008a Nussbaumer et al., , 2008b . 46
In Europe, residential wood-burning emissions constitute one of the main anthropogenic 47 sources of POA and potentially secondary organic aerosol (SOA), especially during winter 48 periods with contribution from 15% to 50% of the total organic mass (Crippa et al., 2013; 49 Waked et al., 2014) . Thus, great effort was devoted in the past to better constrain the 50 uncertainties related to wood burning emissions and their evolution in the atmosphere (Denier 51 van der Gon et al., 2015; May et al., 2013) . Recent year-long source apportionment studies 52 based on ACSM (aerosol chemical speciation monitor) measurements in central Europe 53 suggest that winter secondary organic aerosol fingerprints resembles those measured during 54 chamber studies of biomass burning emission aging (Canonaco et al., 2015) . 55
One of the main complications when dealing with organic aerosol (OA) is imposed by the 56 semi-volatile and highly reactive nature of organic material (Robinson et al., 2007) . 57
Depending on ambient conditions freshly emitted primary organic particles can undergo 58 evaporation. Once emitted in the atmosphere, organic compounds are highly reactive towards 59 various oxidants such as the hydroxyl radical (OH), ozone (O 3 ) and the nitrate radical (NO 3 ). 60
These oxidants can strongly alter the chemical structure of the reacted precursors by 61 generating secondary products with lower or higher volatilities. Linking partitioning and 62 oxidation processes of thousands of emitted organic compounds is one of the main challenges 63 secondary particulate emissions were characterized using a high resolution time-of-flight 129 aerosol mass spectrometer (AMS). Equivalent black carbon (eBC) was quantified using a 7-130 wavelength aethalometer (AE33 Magee Scientific Company, flow rate 2 l min -1 ) (Drinovec et 131 al., 2015) . Non-methane organic gases with a proton affinity greater than that of water were 132 measured using a high-resolution proton transfer reaction mass spectrometer (PTR-ToF-MS 133 8000, Ionicon Analytik G.m.b.H.). The PTR-ToF-MS was operated with hydronium 134 ([H 2 O+H] + ) as reagent, a drift tube pressure of 2.2 mbar, a drift tube voltage of 543 V and a 135 drift tube temperature of 90°C leading to a ratio of the electric field (E) and the density of the 136 buffer gas (N) in the drift tube (E/N) of 137 Townsend (Td). The analysis of PTR-ToF-MS 137 data and the identification of the precursors' chemical nature are described in Bruns et al. 138 (2016) . The elemental composition of the detected gases was analyzed using the Tofware 139 post-processing software (version 2.4.5), running in the Igor Pro 6.3 environment (version 140 6.3, Wavemetrics Inc.). More than 95% of the detected peaks could be assigned to a 141 molecular formula. Approximately 70% of the compounds' chemical structures could be 142 assigned to the observed ions guided by previously reported compounds emitted during the 143 residential wood combustion. Here, the lumped sum of the precursors' molar concentrations 144 will be used to constrain the total amount of NTVOCs (Table S1 ) in the model. Their 145 weighted average O:C ratio, volatility, reaction rate and carbon number will also be presented. 146
Particle wall loss rates in the chamber were determined using the decay of eBC assuming all 147 particles were lost equally to the walls and condensable material partitions only to suspended 148 particles. The average particle half-life in the chamber was 3.4±0.7 h. NTVOCs were stable in 149 the chamber prior to aging, indicating that the chamber walls are not an effective sink for 150
NTVOCs (Bruns et al., 2016) . This is because NTVOCs acting as SOA precursors are largely 151 composed of volatile compounds (see below). By contrast, the NTVOCs oxidation products 152 are expected to be semi-volatile and partition to both the walls and the particles. Zhang et al. 153 (2014) show that the bias created by the wall loss is inversely proportional to seed aerosol 154 concentration and OH concentration, both of which were relatively high in the current 155 experiments (Bruns et al., 2016) . Therefore, under our experimental conditions, wall losses of 156 NTVOCs oxidation products are not expected to be large and thus this effect was not 157 corrected for and yields presented should be considered as lowest estimates. 158
The representation of SOA formation is based on the absorptive partitioning theory of 160 Pankow (1994) , assuming instantaneous reversible absorptive equilibrium. In this 161 representation, the critical parameters driving the partitioning of a compound i between the 162 gas and the condensed phases are its effective saturation concentration, C i * , and the total 163 concentration of organic aerosol, C OA : 164
Here, ξ i is the partitioning coefficient of i (condensed-phase mass fraction). C i * is a semi-166 empirical property (inverse of the Pankow-type partitioning coefficient, K P ), reflecting not 167 only the saturation vapor pressure of the pure constituents   o i L p , but also the way they interact 168 with the organic mixture (effectively including liquid phase activities). This formulation 169 essentially implies that at high C OA almost all semi-volatile organic aerosols are in the 170 condensed phase with only species with the highest vapour pressures remaining in the gas 171 phase. 172
The volatility basis set approach (VBS) proposed by Donahue et al., (2006) been later extended by introducing surrogate compounds with 177 different carbon and oxygen numbers following the group contribution approach based on the 178 SIMPOL method (Pankow and Asher, 2008 ) (Eq 2). 179
where b c and b O represent the carbon-carbon and oxygen-oxygen interactions, respectively, 181 b CO describes the non-ideal solution behaviour and n C 0 , equal to 25, represents the reference 182 point for pure hydrocarbons (1 μg m -3 of alkene). n C i and n O i are the carbon and oxygen 183 numbers, respectively, for the ith saturation concentration, at 298 K. In this configuration, the 184 model becomes 2-dimensional (2D-VBS), capable of tracking the volatility and oxidation 185 state (O:C ratios) of oxidation products arising from 186 functionalization and fragmentation of their precursors. 187
Here, we have used the VBS scheme proposed by Koo et al., (2014) , referred to as a hybrid 188 1.5D-VBS and adapted for regional models. In this framework, the molecular space is not 189 discretised according to the species saturation concentration and oxidation state, but rather 190 every SOA surrogate is given an average molecular composition (C x which is at the high end of IVOC saturation concentration range Koo et 203 al., 2014; Murphy and Pandis, 2009) (Table 1) . 204 A total number of three sets were used to describe the organic material. The first set was used 205 to distribute the primary emissions (set1). Two other sets were used to model the formation 206 and evolution of SOA. Oxidation products of SVOC material arising from primary emissions 207 were allocated to set2, whereas oxidation products from NTVOCs were allocated to set3 (Fig.  208 1). The specific molecular structures for each of the sets and bins were retrieved using the 209 group contribution approach and the Van Krevelen relation, as shown in Table 1 (Donahue et 210 al., 2011; Heald et al., 2010) . 211
Primary wood burning emissions were placed to range from 14 to 11 carbons (set1) in line 212 with previous studies Koo et al., 2014) and appropriate numbers of 213 oxygen atoms were retrieved using Eq. 2. The distribution of the primary organic material in 214 the low-volatility (C i * = 0.1 μg m -3 ), and semi-volatile ranges (OM sv ) (0.1< C i * < 1000 μg m -3 ) 215 in set 1 (Table 1) is based on the work of May et al. (2013) . This work revealed that the 216 majority of the emitted primary organic mass is semi-volatile, with 50 to 80 % of the POA 217 mass evaporating when diluted from plume to ambient concentrations or when heated up to 218 100°C in a thermodenuder. 219
The oxidation of semi-volatile material would tend to increase the compounds' oxygen 220 number and decrease their volatility and carbon number, due to functionalization and 221 fragmentation. We assume that the oxidation of the primary semi-volatile compounds with 222 C 11 -C 14 decreases their volatility by one order of magnitude and yields C 9-C 10 surrogates, 223 placed in set2, based on the work of Donahue et al. (2011 Donahue et al. ( , 2012 . Based on these assumptions 224 and using the group contribution approach, the oxygen numbers for set2 is predicted to vary 225 between 2.26 and 4.56 (Table 1) . Thus, the model implicitly accounts for the addition of 1.1 226 to 1.5 oxygen atoms and the loss of 2.75 to 4.25 carbon atoms, with one oxidation step. 227
Set3 was constrained based on the PTR-MS data. The measurements suggested an average 228 NTVOC carbon and oxygen number of about 7 and 1, respectively. Based on reported 229 molecular speciation data (e.g. Kleindienst et al., 2007) , we expect the products of C 7 230 compounds to have a C 5 -C 6 carbon backbone. These products were placed in set3 following a 231 kernel function based on the distribution of naphthalene oxidation products. At least two 232 oxygen atoms were added to the NTVOC mixture upon their oxidation (Table 1 ). The overall, 233 O:C ratio in the whole space roughly spans the range from 0.1 to 1.0. 234
Multigeneration chemistry (aging) is also accounted for by the model. Unlike the 2D-VBS, 235 the 1.5D-VBS does not use different kernel functions, to discretise the distribution of the 236 oxidation products according to their log(C*) and O:C ratios, when functionalization and 237 fragmentation occur. Instead, to reduce the computational burden of the simulations, the 238 model assumes that the oxidation of a given surrogate yields one other surrogate with lower 239 volatility, higher oxygen number and lower carbon number. These properties should be 240 considered as a weighted average of those relative to the complex mixture of compounds 241 arising from functionalization and fragmentation processes. Accordingly, the 1.5D-VBS 242 approach may effectively represents the functionalization and fragmentation processes, while 243 reducing the parameter space and the computational burden. Gas-phase products in the semi-244 volatile range in set2 and set3, once formed, can further react with a rate constant of 4 x 10 -11 245 cm 3 molecule -1 s -1 as proposed by previous studies (Donahue et al., 2013; Grieshop et al., 246 2009; Robinson et al., 2007) , further lowering the volatility of the products by one order of 247 magnitude. This implies that for every additional oxidation step, the organic material receives 248 around 0.5 oxygen atoms (Table 1 ). According to Donahue et al. (2013) , while the rate of 249 increase in oxygen atoms does not decrease with the oxidation generation number, the 250 compounds' fragmentation significantly increases. The fragmentation branching ratio has 251 often been parameterized as a function of the compounds' O:C ratios (e.g. fragmentation ratio 252
), where α is a positive integer often between 3-6 (Jimenez et al., 2009 ). This 253 results in a general decrease in the OA compounds' carbon number and hence the number of 254 oxygen added per molecule, but not in the O:C ratio or the carbon oxidation state. Therefore, 255 the oxidation of moderately oxygenated NTVOCs, during the first oxidation step, leads to 256 significant functionalization (addition of at least two oxygen atoms) compared to 257 fragmentation, while the further aging of the resulting oxidation products leads to both 258 functionalization and fragmentation. Representing both processes by only one compound 259 imposes a decrease by only one volatility bin and hence a gain of only half an oxygen atom 260 per oxidation. As the modelled species' average carbon number systematically decreases with 261 aging, this approach effectively takes into consideration the compounds' fragmentation. In 262 parallel, the addition of oxygen reflects the compounds' functionalization with aging and the 263 increase in the measured O:C ratio. Therefore, unlike previous 2D-VBS schemes where 264 functionalization and fragmentation are disentangled, the approach of decreasing the number 265 of carbon atoms and increasing the number of oxygen atoms adopted here simultaneously 266 describes both processes. 267
Parameterization methodology 268
The modelling approach involves two steps. 269 i)
First, we modelled the partitioning of POA for the 11 smog chamber experiments (8 270 experiments at RH=50% and 3 experiments at RH=90%) before aging begins. at low and high temperatures were considered to fit our data within our experimental 281 variability. 282 ii) Second, the obtained volatility distributions were used to model the aging of the 283 emissions and SOA formation within the hybrid 1.5D-VBS framework. The time-dependent 284 OA mass and O:C ratios were used as model constraints and the NTVOC reaction rates (k OH-285 NTVOCs ) and yields (Y) as well as average enthalpy of evaporation for secondary material in set 286 2 and 3 (SOA.∆H vap ) were retrieved. In section 6 we will discuss how other a priori assumed 287 parameters influence the results. For the second step, only experiments performed at RH=50% 288 were used, as high RH might favour further uptake of oxygenated secondary organic material 289 into the bulk phase, effectively increasing aerosol yields (Zuend and Seinfeld, 2012 Based on the PTR-ToF-MS and AMS measurements of gas and particle phase organic 296 material at t=0, we seek to determine the ratio NTVOCs/OM sv and the OM SV .∆H vap that 297 represent best the observations at high and low temperatures. Combinations of enthalpies of 298 vaporization and volatility distributions of primary biomass burning semi-volatile compounds 299 are reported in May et al. (2013) , based on thermodenuder data. We note that in the current 300 version of the 1.5D-VBS the volatility distribution (Table 1) , subsequently referred to as 301 OM SV .Vol.dist REF , is used in combination with OM SV .∆H vap = {85'000 -4'000 x log(C*)} J 302 mol -1 , based on the recommendations of May et al. (2013) . Here, several combinations of 303 OM SV .∆H vap functions and OM SV .Vol.dist were tested. 304
In table 2, the measured OA t=0 for all the 11 experiments, which ranges from 6.0 μg m -3 to 305 22.6 μg m -3 , are reported. The OM sv values that match the measured OA t=0 are shown as an 306 example for the cases when OM SV .∆H vap = {85'000 -4'000 x log(C*)} J mol -1 and 307 OM SV .∆H vap = {70'000 -11'000 x log(C*)} J mol -1 were used in combination with 308 OM SV .Vol.dist REF . The average NTVOCs/OM sv ratios obtained using both OM SV .∆H vap 309
functions are compared at high and low temperatures in Table 3 . OM SV .∆H vap = {70'000 -310 11'000 x log(C*)} J mol -1 reduced the observed difference in the average NTVOCs/OM sv 311 ratios at the two temperatures. In general, functions with lowest OM SV .∆H vap better explained 312 the change in the measured OA t=0 with temperature, with OM SV .∆H vap = {70'000 -11'000 x 313 Log(C*)} J mol -1 , fitting best our data. The volatility distributions that could explain our 314 observation have an aggregate contribution in the volatility bins log(C*) = 1 and 2 ≤ 0.3. In 315 the following, OM SV .∆H vap = {70'000 -11'000 x log(C*)} J mol -1 shall be used in 316 combination with OM SV .Vol.dist REF as model inputs and in section 6 we assess the sensitivity 317 of the resulting NTVOCs/OM SV ratios and SOA formed on the chosen OM SV .Vol.dist. 318
Using these model parameters, the overall NTVOCs/OM sv ratio was determined to be around 319 4.75. Figure 2 shows the resolved equilibrium phase partitioning (Eq. 1) between the gas and 320 particle phase at the beginning of each of the 11 smog chamber experiments (OA t=0 ). As 321 expected, most of the material is found in the gas-phase at high temperatures, while at lower 322 temperature only part of the compounds with saturation concentrations (at 20°C) between 100 323 and 1000 μg m -3 would reside in the gas-phase. 324
Wood burning aging at low and high temperatures 325
In this section, we will focus on the emission aging. and set3 were varied within specific physically realistic ranges that were already proposed in 335 the literature (Koo et al., 2014; Donahue et al., 2013; Grieshop et al., 2009; Robinson et al., 336 2007) .We varied k OH-NTVOCs between 2 and 4 x 10 -11 cm 3 molec -1 s -1 in steps of 0.1 x 10 -11 cm experiments even though the model generally tends to slightly over-predict the final OA 365 concentration and to under-predict the production rate. The POA fraction slightly increases at 366 the very beginning of the aging phase, upon the increase in OA mass. As the experiments 367 proceed, POA decreases as a result of its partitioning to the gas phase and subsequent 368 oxidation. Most of the SOA was predicted to be formed from NTVOCs precursors (78-82%) 369 and only a minor amount from SVOCs (18-22%). Meanwhile, at high temperatures, SVOCs 370 contribute more significantly to SOA formation compared to low temperature experiments, 371 although the majority of SOA still arise from NTVOCs. We note that at higher temperatures 372 the OA mass was slightly under-predicted for experiments No. 9, 10 and 11, but largely over-373 predicted for experiment No. 8 (see also Fig. S1 ). We do not have any experimental evidence 374 to discard experiment No.8 as an outlier, but sensitivity analysis with excluding this 375 experiment yielded slightly lower SOA.ΔH vap values (~15'000-35'000 J mol -1 ). 376
Comparisons between measured and modelled O:C ratios are reported in Fig.5 . Model and 377 observation results match very well, especially upon aging. However, we note, on the one 378 hand that significant differences between measured and modelled O:C ratios at the beginning 379 of the experiments can be observed, without any systematic correlation with the chamber 380 conditions (e.g. OA mass or temperature). These differences may be due to the variable nature 381 of primary biomass smoke emissions, which cannot be accounted for in the model. On the 382 other hand, it is noticeable that the model generally under-predicts the measured POA O:C 383 ratios, suggesting that the parameters describing the O:C of primary emissions are suboptimal. 384
These parameters include mainly the carbon and oxygen numbers of species in set 1, and to a 385 lesser extent the OM SV .Vol.dist and the OM SV .∆H vap , which are all adopted from previously 386 published data. While this observation suggests the presence of compounds with lower carbon 387 number (higher oxygen number) in the primary aerosols (e.g. C 6 H 10 O 5 anhydrous sugars 388 which contribute ~15% of the POA, Ulevicius et al., 2016) , we believe that we do not have 389 suitable data (e.g. analysis at the molecular level) to propose a more accurate representation of 390 POA compounds. In addition, the average bias in the POA O:C ratios is <30%, well within 391 the experimental uncertainties. 392
Discussions and major conclusions 393
We performed extensive box model simulations of wood burning smog chamber experiments 394 reaction scheme. This analysis shows that the NTVOCs/OM SV ranges between 3.9 and 4.8, 424
which encompasses the value reported here (4.75) and that the resulting SOA is only slightly 425 sensitive to the assumed OM SV .Vol.dist used, especially at low temperature. This is because 426 the OM SV is predicted to contribute to a lesser extent to the measured SOA compared to 427
NTVOCs. 428
The parameters describing the molecular characteristics (e.g. oxygen and carbon numbers) of 429 the primary SVOCs and their oxidation products (set1 and 2) were identical to those proposed 430 by Donahue et al. (2012) and Koo et al. (2014) . As SVOCs contributed less than NTVOCs to 431 SOA, the modelled OA mass and O:C ratios were not very sensitive to the assumed 432 parameters. Therefore, these assumptions could not be tested and additional measurements at 433 the molecular level would be necessary for better constraining these parameters. 434
Meanwhile, we have assumed that the volatility distribution of the NTVOCs oxidation 435 products follows the same function as that of naphthalene oxidation products, scaled by a 436 scaler representing the total yield Y of these products in the semi-volatility range. Initial tests 437 indicated that the measurements used as constrains did not allow the determination of the 438 exact shape of this function, due to the limited concentration span during our experiments 439 (within only one order of magnitude). Therefore, the function was fixed during the fitting 440 procedure and only the Y was varied. Further experiments spanning a larger range of 441 concentrations would be required for better constraining the volatility distribution of the 442 biomass burning NTVOCs oxidation products, with a special focus on lower concentrations 443 (between 1-20 µg m -3 ), representative of moderately polluted atmospheres, e.g. in Europe. 444
The carbon number of the NTVOCs oxidation products was based on the characterization of 445 the chemical nature of these precursors by the PTR-ToF-MS (Bruns et al., 2016) , mostly 446 comprising benzene and naphthalene and their methylated derivatives, oxygenated aromatic 447 products and furans with an average carbon number of around 7. Based on Donahue et al. 448 (2013), we have assumed that the oxidation of moderately oxygenated NTVOCs leads to 449 significant functionalization (addition of three oxygens on average), while the further aging of 450 the resulting oxidation products leads to both functionalization and fragmentation. 451
Representing both processes by only one compound in the 1.5D-VBS approach imposed a 452 decrease by only one volatility bin and hence a gain of only half oxygen atom per oxidation. 453
This oxidation scheme is different than that proposed by Donahue et al. (2013) , where 454 significant fragmentation occurs with aging combined with the gain of more oxygen atoms. 455
Initial tests showed that a higher increase in the oxygen number with aging would yield a 456 significant loss of compounds' volatility (~1.7 log(C*) bins per one oxygen atom) and hence 457 an overestimation of the increase in SOA yields with aging. An increase of one oxygen atom 458 per oxidation step while decreasing the compounds' volatility by only one bin would imply 459 significant fragmentation with the loss of up to two carbon atoms, impossible in the case of C 6 460 compounds, especially for low volatility bins. We have attempted a further increase in the 461 fragmentation compared to the current scheme and the result was an overestimation in the 462 increase of the bulk O:C ratio with aging. We note that the traditional functionalization and 463 fragmentation scheme in the initial volatility basis set was developed by considering SOA 464 precursors to comprise mostly long chain hydrocarbons (e.g. C 10 -C 20 alkanes and alkenes), 465 which are expected to be much more subject to fragmentation than aromatics. Therefore, we 466 consider the scheme proposed here to be more suitable for C 7 aromatic and furan oxidation 467 products. 468
In the present study, the bulk micro-physical properties of the condensed phase were not 469 measured. Therefore, for all calculations, we assumed instantaneous reversible absorptive 470 equilibrium of semi-volatile organic species into a well-mixed liquid phase; i.e. the model 471 does not invoke diffusion limitations within the condensed phase. These assumptions may 472 influence our results, especially at lower temperatures; e.g. if diffusion limitations were to be 473 considered, higher reaction rates would be required to explain the observations. However, the 474 same assumptions are considered in CTMs and therefore we expect that resulting biases will 475 partially cancel out, providing that the bulk phase properties and condensational sinks of 476 chamber and ambient aerosols are not significantly different. 477 Based on our best fitting solutions, the OA mass and composition can be predicted at any 478 given temperature, emission load and OH exposure. This is illustrated in Fig. 6 for three 479 different OM emission loads (OMsv + NTVOCs) of 6, 60 and 600 µg m -3 and for a wide 480 range of atmospherically relevant temperatures (from 253.15 K to 313.15 K). Partitioning of 481 POA depends on the temperature and the ambient concentrations. 482
The primary organic aerosol mass (POA) decreases with temperature by 0.5% K -1 on average 483 with higher effects predicted at higher loads (0.7% K -1 at 600 µg m -3 vs. 0.3% at 6 µg m -3 ). 484
The partitioning coefficient of the primary material increases by about a factor of 1.5 for a 485 ten-fold increase in the emissions. As aging proceeds, POA mass slightly increases as a result 486 of additional partitioning, but after an OH exposure of (1.0-1.5) × 10 7 molec cm -3 h, the trend 487 is inversed and POA mass decreases due to the oxidation of semi-volatile primary 488
compounds. This effect is more pronounced at high loads. 489
From Fig. 6 , we can also assess the impact of temperature, OH exposure and emission 490 concentrations on SOA yields. The temperature effect on SOA yields is a function of OH 491 exposure, aerosol load, and temperature: i.e. ∂Y ∂T ⁄ = f(T, C OA , OH exp ). SOA yields increase 492 0.03, 0.06 and 0.05 % K -1 on average for 6, 60 and 600 µg m -3 respectively, with higher 493 effects predicted in general at lower temperatures. The temperature effect on the yields is also 494 larger at higher OH exposures (except for very high loads). An analysis typically performed 495 to estimate the volatility distribution of SOA products is based on SOA yields from chamber 496 data performed at different precursor concentrations. We investigated the impact of the OA 497 concentration on the yield at different temperatures and OH exposure. In Fig. S2 , an average 498 change in the yield with log C OA is shown at the different conditions: (∂Y ∂ log C OA ⁄ ) = 499 f(T, OH exp ). An increase in SOA yields with the log C OA was observed as expected, which is 500 not solely due to additional partitioning, but is also related to changes in the actual chemical 501 composition and hence volatility distribution of the SOA surrogates, as they age to different 502 extents at different concentrations and temperatures. We determined a yield increase of 4-9 503
percentage points for a 10-fold increase in emissions, with a higher effect at higher OH 504 exposures and lower temperatures. 505
From Figure 6 , one may also evaluate the minimum OH exposure values required for SOA to 506 exceed POA. SOA is predicted to exceed POA after~1.5 x 10 7 molec cm -3 h, for typical 507 ambient concentrations and temperatures. At low temperatures (263 K) and high loads, SOA 508 might exceed POA at an OH exposure of 9 x 10 6 molec cm -3 h, or in 2-10 hours (at OH 509 concentrations of (1-5) x 10 6 molec cm -3 ), in line with previously estimated values for 510 biomass burning emissions for the typical conditions of haze events (Huang et al., 2014) . 511
Comparatively, at 288.15K an OH exposure of 7 x 10 6 molec cm -3 h would be required for 512 SOA to exceed POA, which might be reached within 2 hours or less at typical summer OH 513 concentrations, i.e. (5-10) x 10 6 molec cm -3 . These results confirm previous observations 514 during haze events in China that SOA formation is very rapid and SOA mass might exceed 515 primary emissions within time-scales of hours, even during haze events (Huang et al., 2014) . 516
Mounting evidence underlines the importance of accurately assessing the emission and 517 evolution of wood burning emission in the CTMs in order to properly predict the SOA levels 518 retrieved from ambient measurements (Ciarelli et al., 2016a; Denier van der Gon et al., 2015; 519 Shrivastava et al., 2015) . The simplified VBS scheme proposed here allows for including a 520 mixture of NTVOCs retrieved from latest state-of-the-art wood burning smog chamber 521 experiments (Bruns et al., 2016) . The amount of the new NTVOCs material included in the 522 model was found to be in the range of estimates proposed by previous biomass burning 523 studies (Shrivastava et al., 2015; Yokelson et al., 2013; Dzepina et al., 2009) The applicability of the parameters to other burning conditions and other emission types 529 should be evaluated in future studies. It has to be noticed that the scheme relies exclusively on 530 chamber experiments conducted with only one type of wood (Beech, Fagus Sylvatica). Even 531 though the effects of temperature, OH exposure and different emission loads on the predicted 532 OA concentrations were presented in this study, differences in the nature of the emitted 533 organic species (e.g. NTVOCs/OM SV and NTVOC composition) might be expected 534 depending on the different burning conditions and biomass used. Therefore, special care is 535 required when extrapolating the results to a global scale, including more detailed emission 536 information related to the wood burning habits of the different countries. Currently, an 537 application of the proposed scheme, limited to the European scale, is under evaluation 538 (Ciarelli et al., 2016b) . 539
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